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The case for a flat Cold Dark Matter model with a positive cosmological constant 
A has been recently strongly advocated by some theoreticians. In this paper we 
give the observers point of view to the light of the most recent observations with 
a special emphasis on lensing tests. We confirm the apparent cosmic concordance 
for a flat Universe with Ha close to 0.6 but we note that a low mass density open 
universe with no cosmological constant is still quite acceptable for most of the 
reliable observational tests, including lensing tests as well. 



1 Introduction 

A model of the Universe should be consistent with the low mass density, as 
required by the cosmic evolution of the largest structures and nucleosynthesis, 
the observed value of the Hubble constant Hq, and an age compatible with the 
observations of globular clusters and with the ages of stellar populations in dis- 
tant galaxiesB. With these constraints the most likely region that survives in 
the space of cosmological parameters {Hq, JIq, JIa) seems to force the evidence 
that we may live in a flat Cold Dark Matter Universe with a positive cosmo- 
logical constant (A-CDM). It is important to note that the recent measure- 
ments of the angular power spectrum of Cosmic Background Radiation (CBR) 
anisotropy are compatible with Ho ~ 65 km/s/Mpc and f^A = A/3 Hq ~ 0.6 
il. Indeed, projects like MAP and Planck Surveyor (2005-2007) that wiU al- 
low a determination of tha values of ±hc three cosmological parameters with 
an accuracy of about 10%a or better El should in principle definitely close one 
of the most crucial debate in modern astrophysical cosmology. To follow the 
striking wording of Ostriker & SteinhardtQ, we have at present a "Cosmic Con- 
cordance" of data and models supporting a flat Universe with Ha = 0.63 ± 0.1 
. In fact, this Cosmic Concordance was first noted about two decades ago by 
Gunn & TinsleyQ and since then further re- investigated frcm time to time ti 
the light of new observational data. More recently, Turner B and Bagla et al. 



presented up-dated discussions of the problem. They emphasize that there is 
stih now no definitive theoretical arguments against a non-zero cosmological 
constant and that it is quite possible that we have to face all the consequences 
of such a result. 

The analysis of the domain of existence of a cosmological constant is pos- 
sible because for Friedmann-Lemaitre 's models of the Universe the 3 funda- 
mental cosmological parameters are linked to the curvature parameter = 

1 — fio — f^A, where VIq = is the density parameter expressed with the 

? 

present-day density of the Universe, poj a-nd J^a is the reduced cosmological 
constant which appears as an additional term of energy. Excluding for the 
moment the results of gravitational lensing tests, let us summarize briefly the 
present state knowledge on i?o and fig, to the light of the latest observations. 

For the first time, all determinations of the value of the Hubble constant de- 
duced from the HST observations of Cepheids_are converging to a value around 
63 ± 10 km/ s/J\Jpc (Sandage & TammannEEl proposed 62 ± 6 km/ s/ Mpc). 
Beaulieu et al. O have shown with a large sample of magellanic Cepheids that 
metallicity effects could increase this value up to 70 km/s/Mpc. Gouguenheim 
(this proceeding) presented a comprehensive discussion of Hq, including this 
problem and the Hipparcos contribution to the primary stellar distance scale. 
Moreover, despite an intrinsic limitation of lens modeling due to possible ex- 
ternal gravitational shear or unseen additional masses on any line of sight, the 
time light delay in the two multiple quasars Q 0957+lfiL,aaxl,PG 1115+080 
also give the same result with about the same error barsli3E3o. Last but not 
least, all others upper_hound values coming from tests like absolute brightness 
of distant supernovaeEj and galaxies surface brightness E£l are fully compatible 
with this determination. If we consider now that Hq is a least known with an 
accuracy of about 15%, almost all determinations of the density parameter Qq 
still have large uncertainties (0.2 < ^Iq < 1). By chance, the number of inde- 
pendent observational constraints on Qq is large, so the peak of measurements 
around 0.31q'^ obtained from a large class of tests seems significant. Let us 
give a rapid overview of the situation for these major recent tests. 

Whatever the cosmic scenario of formation of large structures and galax- 
ies, very high resolution N-body simulations always show that dark halos can 
be fittecLwith the same radial simple profile only scaled by two parameters. 
NavarrcO shows that the observed rotation curves of galaxies immersed in such 
Universal Dark Halos can only be explained for less concentrated halos such 
as those which are formed with a flat universe with J^a = 0.7. The study of 
the redshift distribution of damped Lyman-a halo absorbers has made impor- 
tant progresses during the last years. It shows that Q\ = open-universes 
with f2o < 0.4 are inconsistent with the observations while a flat-universe with 



r^A — 0.6 or with JIq = are acceptable. Many others good constraints of 
the value of fio come from the study of masses content in clusters of galaxies, 
the largest (well) observed structures in the Universe. Their barmn fraction 
inferred from X-ray studies allows to deduce that fio — A|32 ± 0.2 Ej and their 
galaxies velocity fields give imply that fio = 0.3 ± 0.1 l3, whereas the direct 
lensing measurements of their total gravitational masses within a radius of 
0.5 Mpc gives JIq in the range = 0.2-0.5 (cf Mellier et al, this conference). 
With the weak lensing method, higher lensing densities corresponding to Qq 
close to 1 cannot be excluded from some tentative measurements of extremely 
weak gravitational shear in volume of several Mpc-sizes around cluster centers 
(Mellier et al. , this proceeding) . But for such observations-tbe correction of in- 
strumental distortion may not yet be fully under controlE^E3. Surprisingly the 
lensing results obtained for large scale structures seems comparable to those 
coming from the latest interpretation of large cosmic flows E3. Note that the 
lensing method seems more reliable and is able to progress significantly in the 
near future. Therefore, the most likely value for fio emerging from all these 
observational constraints seems equal to O.Stp^i. 

At least, one crucial tests on for flat models is now emerging from the 
observations of high-z supernovae. It allows in principle the determination of 
the acceleration parameter Qo = — il,A/2 with an accuracy of ±0-2 as soon 
as we will be able to detect and observe a sample of SJNs at z > 1 o. So far, 
with a sample of SNs only at z < 0.4 Perlmutter et al.pB note that go could be 
actually in the 0-0.5 interval. Similarly, Bender et al. cB recently demonstrate 
that we can actually use cluster ellipticals as cosmological candles. With two 
clusters at z = 0.375 they tentatively found qo in the range 0-0.7. It is clear 
that such new observational tests do not much favor the Cosmic Concordance 
paradigm. They can progress a lot if suitable telescope time is given to these 
programs and we are expecting a lot from them for a direct measurement of 

qo- 

2 Lensing test 

Hence, to the light of all these results, it becomes interesting to look at an 
other set of almost independent tests on il/^: the lensing tests. The most 
classical ones concern the frequency of multiply imaged quasars, that in fact 
probes the volume of the Universe per unit redshift at large distance, or the 
probability distribution of the redshifts and the distribution of the separation 
of the multiple lensed images which depend also on Q\. Many works were 
published on these tests and we just refer in the following to a few recent 
papers. Some recent tests try to use the cosmic evolution of condensations of 



mass on large scales that can be studied with gravitational arcs or weak lensing 
modeling, or to probe directly the curvature parameter of the Universe fi^. 
These tests use the measurements of deviations of light rays passing through 
same lenses but coming from distant sources at different redshifts. Deflexion 
angles induced by lenses are proportional to the effective angular distance 
D = Doi.Dis/ Dos (see Mellier et al. this conference). The Dij are respectively 
the angular distance between the observer, the lenses and the sources, and Dij 
is defined by 

Ho A, = TT— ^l"or'/' / (2aoy'^ + aoy' + A) ^-dy, (1) 



(1 



l+zi 



where sinn{x) is respectively sin{x) for close universe, sinh{x) for an open 
universe and x for a flat universe, and 

^^^TTT^ A = 0-0 -90, ao = 1 + go - 3(70 , k = 2~"o ■ (^j 

Hence, deviation angles, impact parameter like Einstein radius or location of 
critical lines depend on the existence of JIa- 

In practice direct geometrical lensing tests with D, in particular for flat 
universes as predicted by inflation, work only when the cosmological constant 
becomes larger than about 0.6 because it is only above this value that the A 
effect becomes observable at large z. The observational difficulty comes from 
the small excess of deviation, which is never larger than 2-5% of the deviation 
expected for the J^a = case having the same fio. This is why this new class 
of tests are only relevant for lensing-clusters with large angular scales. In the 
following we summarize the results and new trends for all the class of lensing 
tests. 



2. 1 Statistics of lensed quasars 

The volume per unit redshift at large distance and consequently the relative 
number of lensed sources for a fixed co-moving density increases with increasing 
cosmological constant. This can be used to set constrain on SIq iar an opeibj 
universe (say VIq > 0.15). After the pioneer work of Turner et a. EZI, Turnertfl 
used this effect and constrained J^a for fiat-universe models from the statistics 
lensed quasars. Many successive authors applied the method and Kochanek 
used it with the most recent optical or radio (fair) sample of lensed quasars 
including a detailed study of all the sources of errors: lens modeling, quasar 
counts, galaxy lenses counts and dust effects at large redshift. At the same 
time, he also considered his earlier original approach that uses the probability 



distribution of the lenses redshift. For a non-zero cosmological constant this 
probabihty distribution reaches a maximum at a redshift which increases with 
The sensitivity of the second method is smaller but it gives consistent 
results for each selected quasar surveys . The Kochanek's paper is certainly 
now a reference for this kind of work. It basically confirms previous results but 
it gives a lower and reliable upper limit JIa < 0.65 at the 2-a confidence level 
for a flat cosmology. This limit is now very difficult to disprove. It seems that 
only a strong dust obscuration, hundred times larger than currently admitted, 
can relax a bit this limit. 

2.2 Statistics on quasar pair separation 

When the model (velocity dispersion, core radius, etc..) and lens redshift of 
multiple high-Z|jiuasars lenses are known the mean splitting of the images is 
sensitive to Qa E3. A recent apalication of the statistics of quasar separation 
was made by Myungshin et al. Ed who selected seven " isolated" elliptical lenses 
with reliable observational data to constrain fto and rt\. Using a maximum 
likelihood method on the probability to observe simultaneously the photomet- 
ric and geometric characteristics of the seven lensing events, they excluded high 
mass density universe and in particular a flat-universe with f^o = 1 at the 98% 
confidence level. They also found that a flat-universe with J^a — 0.65 ± 0.25 
(about 50% confidence level) is more acceptable than low-mass open universes 
with Qq < 0.3 and — 0. This method depends critically on the total num- 
ber of such lensed quasars events and it is probable that this number will not 
increase much during the next decade. However this method could inspire the 
work which is done with gravitational arcs. 

2.3 Gravitational arc(let)s 

Up to now, several tens of multiply imaged distant galaxies have already been 
detected in clusters of galaxies and this number will probably increase by a 
large factor within the next years. These gravitational arcs provide a first sam- 
ple that could be tentatively used for tests on the existence of the cosmological 
constant. Atpiming that the mean redshift of the blue arcs is about z — 1, 
Wu and MaoLJ noted that their number is indeed enhanced if the cosmokigical 
constant is large. But they confirm the earlier results of Bartelmanno that 
irregular distribution of masses increase also the probability to find an arc so 
that no claims can be done on f^A = without a detailed modeling of clusters 
from strong and weak lensing. Besides, Wilson et al. o propose to constrain 
cosmological constants from the cosmic evolution of condensations of masses 
probed by lens modeling. Simulations shows that the method could be efficient 



to discriminate an Einstein-de Sitter fig universe from any low mass density 
universe but they are almost insensitive to discriminate a flat universe with a 
cosmological constant VIa < 0.7 from the corresponding J^a = universe. The 
same result is obtained analytically for interpretations of the "cosmic shear" 
both in the linear and non linear regime (see Mellier et al, this conference). 
This comes from the fact that even for very distant sources the lensing prob- 
ability by any foreground condensation of mass is maximum at redshift in the 
range 0.3-0.6. Hence the lensing effect mainly probe an intermediate-redshift 
Universe which mostly depends on f2o and the power spectrum of initial density 
fluctuation P{k). 

Good modeling of several multiple arcs within a same cluster having differ- 
ent redshifts range like 0.5-1 and 3-5 could give constraints on the the value of 
the cosmological constanttJ. As an example, for an isothermal lens potential, 
as soon as the velocity dispersion is known, the radial position of the critical 
lines where arcs at a given redshift are formed depends only upon the effective 
angular distance D{z, Hq, ^a) defined above. The position of the most distant 
arcs depends on SIa after the modeling has fitted the low redshift arcs. The 
effect of the cosmological constant is then detectable for f^A > 0.5 on a few 
arcseconds scale. Actual cluster potentials are by far more complex that these 
models which miss small scale structures, but the outstanding images obtained 
with HST images permit to considerably improve detailed investigations be- 
cause the critical line where multiple arcs and unresolved pairs merge can be 
located with high accuracy. Thus, good models that control the various poten- 
tial gradients on an arcminute scale can be done from strong and weak lensing. 
Maximum likelihood methods should in principle be applied as soon as. such 
fair lensing events will be observed. Since the work of Mellier et al. l3, the 
possibility of doing almost perfect modeling of arcs systems is demonstrated 
and has been used in numerous lensing-clusters observed with HST (see the 
most recent splendid examples given by Seitz et al. EJ, and also by Kneib et al 
Ej in A2218). In summary, for a given lens model, the method compares the 
location of a low-redshift critical line to that of a high-redshift one. So far, 
no cases where found where the modeling of two arc system at very different 
redshifts is completely reliable. Most of the clusters with a simple potential 
turns out to have only low redshift arcs systems because the search for very 
distant arcs or unresolved pairs (z > 3) has to be done mainly with HST or 
IR observations which are still lacking! 

In view of this limitation, Fort et al. @ have recently proposed to find the 
location ofjjiistant critical lines (z > 3) by using the radial magnification effect 
of clustersliy. With very deep images in cluster C10024-f 1654 and A370 they 
showed that the number density of galaxies in the very faint magnitude bin 



£? = 26 — 28 and / = 24 — 25.5 displays an (anti)magnification bias with a 
depletion that extends to a radial distance of about 1 arcminute, as compared 
to 32 arcseconds for the giant arc radius. They suggest that the selected 
bins of S-galaxies have a redshift distribution of the objects with two peaks 
respectively at 2; = 1 (60%) and z = 3 (40%) , and that the selected bin of 
/ galaxies allows to approximate the location of a high-redshift critical line 
{z > 3.5 — 4) very close from the last critical line at infinite redshift. Using 
the modeling of the lenses already published they found that the location of 
this high redshift critical line rather favor a flat cosmology with f^A larger 
than 0.6. This method can be significantly improved with a large sample of 
arcs clusters particularly by using a maximum likelihood methods applied to 
the probabilities of reproducing their observed local shears and convergences 
(equivalent to the magnification bias). A strong improvement can come from 
the new possibilitK-.to accurately select various bins of source redshifts using 
their color indiccsHil. 



3 Conclusions 



If we accept that Hq is around 60 km/s/Mpc and that the Universe is old as it 
is inferred from the theory of the evolution of stars and stellar populations in 
very distant galaxies, it is impossible to have a flat matter-dominated Universe 
r^o = 1- In fact, many other observational tests including lensing tests also 
exclude this possibility except for a few that are not yet fully reliable because 
of possible observational bias or controversial theoretical hypothesis. It is 
true that many tests on the cosmological constant yield apparently concordant 
results that are in favor of a flat Universe with Qct — 0.31q^ and flA = 0.6±0.2. 
This is compatible with the reliable upper limit fl\ < 0.65 derived by Kochanek 
from quasars statistics. However, for most of the tests, open universes having 
fio — 0.3 and JIa — are also often acceptable. If we are actually living in a 
universe with a cosmological constant close to the Kochanek limit it is worth 
to improve the lensing tests particularly with the gravitational arcs. It is sure 
that the question will be also quickly addressed with the on-going large distant 
supernova surveys because the Qq test has a remarkable efficiency. There is no 
doubt that the search for a non-zero cosmological constant corresponds to 
a high priority observing program without waiting for the MAP and Planck 
Surveyor surveys. At present and from the observational point of view it is still 
too early to make a case for a non-zero cosmological constant. More reliable 
observational facts have to be accumulated. 
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